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FROM THE EDITOR

Yoseph Bar-Cohen, JPL yosi @jpl.nasa.gov

The fidd of EAP is continuing to expand and the
number of investigators and potentid usars that
ae joining this effort is Seadily growing. A
reflection of this growth has been seen in the
number of abdracts that were submitted to the
upcoming SPIE EAPAD 2001 Conference. While
in the fird two years about 50 abdracts were
submitted, for the upcoming conference over 70
abstracts were submitted.  The topics of research
that would be presented ae covering a broad
range of topics gpanning from andyticd modding
to gpplication congderaions

In an effort to smplify the terminologies that are
related to EAP materids, the Editor sought terms
for grouping these materids.  Initid atempt was
made usng the terms dry and wet however such
materids as conductive polymers can be made
both ways.  Recently, the Editor initiated the
terms dectronic, and ionic.  This didinction is
related to the mechanism of actuation that is
involved, where eectronic refers to movement of
dectrons as in the case of ferodectric and
dielectric EAP. On the other hand, ionic EAPs are
involved with mohility of cations or ions and the
presence of dectrolyte.

Applictions ae now beng condgdered in
numerous areas and it is hoped to see trangtion to
practicd use and the emergence of commercid
products. It is increesngly recognized thet the
key to the growth of the fidd of EAP is the

devdopment of niche gplicaions that take
advantage of the unique cgpabilities of EAPs.  The
following are the gpplication categories are currently
being conddered: (@ HumanMachine Interfaces:
Haptic and tectile interfaces, Smulated textures and
body orientation Indicators, Interfacing neuron to
dectronic devices, Active tectile display for the
blind and atificid nose (b) Pangary Applicaions
(©) Controlled Weaving: Garments, clothing and anti
G-Quit; (d) Biologicaly-Inspired Robotics, Toys and
Animatronics, (€) Medicd Applications EAP for
biologicd musdle augmentaion or replacement,
Miniaiure invivo EAP robots for diagnosics and
microsurgery, Caheter deering mechanism, Tissues
growth engineering, and active Bandage (f) Liquid
and gas flow contro and pumping; (g) Noise
reduction; (h) Electromechanicd polymer sensors
and tranducers, and (i) Micro€ectro-mechanica
systems (MEMYS)

ABOUT THE EXPERTS
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Elisabeth Smela
isnow at the
University of
Maryland, USA




Elizabeth Smea moved in September from Santa
Fe Science and Technology, Inc. (SFST) to the
Depatment of Mechanicd Engineering a the
Universty of Mayland. This move brings here
back to the aea of micro-dectro-mechanica
systems (MEMS) and she will focus on actuators
usng dectroactive polymers for microfluidics and
micromanipulation.  Also of interes to her ae
other microfabricated conjugated polymer
devices, such as LEDs on dlicon. Smea is
conddering the agpplication of EAP dso in smdl
snat sysems. Elissbeth Smelas new emal
address is smda@eng.umd.edu her phone number
is  301-4055265 and her webste address is
www.wam.umd.edu/~smela

Toribio Otero
isnow at the
Polytechnical
University of
Cartagena,

Spain

At the beginning of October 2000, Toribio Otero
left the Universty of the Basgue Country, San
Scbadtian, Spain, to join the School of Indudtrid
Enginegring a the Polytechnicd Universty of
Catagena, Span. His new universty was
edablished a the end of 1998 and it is seeking to
establish a department for smart materias. At his
prior affiligtion he has edablished a leading group
in the area of EAP based on conducted polymers.
He was the advisor for 20 doctord graduates in
theses rdated to EAP materids. He specidized in
the control of the propeties of conductive
polymers through dectrosynthess particulaly
polypyrrole, for which he patented the firg relaed
atifica muscle in 1992, Toribio Otero can be
reeched a the Universdad Politécnica de
Catagena, Catagena, Spain, Phone +34 68
325519, Fax: +34 68 329433, emal:
toribio.fotero@upct.es
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GENERAL NEWS

The WW-EAP Webhub is continuing to be
updaied with information regarding the EAP activity
Worldwide.  This webhub is hosted a the JPL’'s
NDEAA Technologies Website:
http://ndesa.jpl.nasa.gov

2000 Nobel Prizein Chemistry
2000 Nobel Prize in Chemistry

development of Conductive Polymers

The Royad Swedish Academy of Sciences awarded
the Nobd Prize in Chemigry for 2000 jointly to:
Alan J. Heeger, Universty of Cdifornia a Santa
Babara, USA; Alan G. MacDiamid Universty of
Pennsylvania,  Philaddphia, USA; and  Hideki
Shirdkawa, Universty of Tsukuba, Jgpan.  The
award was given for the discovery and development
of conductive polymers.  The winners made their
semind findings aout the conductivity of polymers
a the end of the 1970s and have subsequently
developed conductive polymers into a research fidd
of grest importance for chemists a wdl as
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physcigs. The aea of conductive polymers has
dso yidded important practicd applications that
ae in use o beng devdoped indudridly,
induding antistatic stbstances for  photographic
film, <hidds for computer Screen  agang
dectromagnetic  radigion and  for  "smart”
windows (that can exdude sunlight). In addition,
semi-conductive  polymers  have recently  been
devdoped for light-emitting diodes solar cdls
and as diglays in mobile tdephones and mini-
format tdevison screens  Currently, conductive
polymers are used to produce EAP materids by
combining layers of edectrodes and dectrolytes
and dry forms were demonstrated as also reported
in this issue of the Newdetter. Further
information about this award and the winners is
avalableon:

http:/Amww.wam.umd.edu/~smel a/nobd .htm

2001 SPIE EAPAD Conference

The 3" Conference on EAP Actuators and
Devices (EAPAD) will be held as part of the &
SPIE Conference on  Smart  Structures and
Materids in Newport Beach, Cdifornia  The
progran of this EAPAD Conference (#4329) is
now avalable for access via the internet on:
http://spie.org/web/meetings/programs/ss0l/confs/432
9.html . This upcoming conference will be focused
on dectromechanicaly-active polymers and will
include open discusson with a pand that conssts
of the invited speakers and the Conference Chair
and Cochar. SPIE is currently conddering the
broadcast of the discusson on the interngt and to
dlow paticipates to send online questions to the
Pandlist. An EAP-in-Action Session is how being
planned for the conference and it is intended to
dlow the paticipants to see the laet EAP
materias responding to dectricd simulation.

KEYNOTE PRESENTATION: Brain-Machine
Interfaces for Trandating Thoughts into
Action - The Keynote Speaker at the EAPAD
2001 is Migud Nicoldis from Duke Universty
and he will be covering the topic of intefacing
bran with  robotics Nicoldis and his
coinvesigators have recently demondrated the
interfacing of the brain of a monkey to a robotic
am and the control of the am using eectrodes
connected to the brain
[http:/AMvww.dukenews.duke.edu/Research/niconat.htni.
Such a devdopment is opening important
opportunities for the EAP technology in the

medicd fidd. It may become feasible in future years
to cattrol EAP actuated atificid limbs directly from
the bran of a human. This cgpability may alow

physcdly impared individuds to operaed their
proshetics and independently perform tasks tha
may not possible otherwise.

Miguel Nicolelis, Duke
University, isthe
keynote speaker at the
EAPAD 2001

2001 MRS Fall Meeting

MRS is induding a Symposum on EAP during the
upcoming Fal 2001 meting. This Symposum will
be hdd in Bogton, Nov. 26-30, 2001. The objective
of this symposum is to provide a forum for the EAP
ressarchers to exchange information and dimulate
discussons and to present the recent advances to the
audiences who ae interested in the goplications of
this class of materids. The organizers are Segfried
Bauer (JohannesKepler Univerdtagt Linz, Audria),
Yoseph Bar-Cohen (JPL), Eiichi Fukada (Koboyas
Indtitute of Physcd Research, Jgpan), and Qiming
M. Zhang (Penn State Universty). The Invited
speskers are: F. Bauer (ISL, France), R. Fleming
(Monash U., Audrdia), T. Furukawa (SU Tokyo,
Japan), H. Kodama (Rion Co., Jgpan), K. lkezaki
(Keio U., Japan), F. Kremer (U Lepzig, Germany),
J Lekkda (VTT, Finland), M. Masdla (UC
Riversde), Geoff Spinks (Audrdia), Danilo de
Ross (ltaly), J Su (NASA), Y. Taitsu (Yamagata,
Japan), K. E. Wise (USA). For more information you
can contact Qiming M. Zhang gxzl@psu.edu or vist
http://mwww.mrs.org/meetings/fall 2001/

Actuator 2002

A Sesson on EAP will be induded in the
ACTUATOR 2002, 8th Internationd Conference on
New Actuators, and 2™ Internationd Exhibition on
Smat Actuators and Drive Systems Bremen,
Germany, 10-12 June 2002. ACTUATOR is a
leading internationd Conference on  piezoacuators,

3



magneto-grictive actuators, microactuators,
microfluidics, shgpe memory actuators, dectro-
/magnetorheologica  actuators, low-power  eectro-
magnetic actuaors, vibration control,
nanopogtioning, actuators for atifidd limbs and
other actuators as sngle components and, more
importantly, as integrated parts of sysems or even
microsystems. For the firg time polymer
actuators are to be presented in a separate sesson.
Abdracts are due by 30 November 2001 to
actuator@messe-bremen.de. For additiond
information you can contact Hubert Borgmann,
Messe Bremen GMBH Germany or visit
http://www.actuator.de

Biotechnology Materials

Recent advances in biotechnology are providing a
basis for the desgn and synthesis of a wide range
of novd maerids, which may include EAP.
There are a number of successful commercid and
medicd  goplications of  biomaeids and
biocatdyss. Also, there ae additiond aess in
materids ience where biocatdydts,
biomolecules, or biomaeids can  provide
enabling technologies. Severd groups in USA and
Europe ae exploring biotechnology in materias
research.  In contrast, the use of biotechnology for
agogpace  goplications is in its infancy. To
address this topic severd workshop are being held
in search for drategies to exploit the potentid of
biotechnology. Paticular interest is in the
identification of promisng research topics in
biocadyds biosensors biobased materids, and
biomimetics A Europian on-line newdetter is
being issued on this subject and it is accessble via
http://www.biomat.net/ and the most recent issue
is No. 11. For further information you can contact
Jm Spain, jegpan@earthlink.net

WORLDWIDE EAP INPUTS

INDIA

CHARACTERIZATION OF EAP USING
ANTI-COMPTON EFFECT -T. Patel and B.
Mallick tpatel @rec.ori.nic.in

Electronic system (i. e crystd, aom or molecule)
d mos of the a@oms in polymeric materid gets
excited and some dectrons recoil when the
materid is irradiged with X-rays in Compton

process. When this recoil dectron transfers it's
kinetic energy patly or fully to another incident X-
ray photon, it produces scattered rediation of higher
frequency cdled antrCompton effect [1]. Pesks
reembling anti-Compton  like scattering  have
dreedy been found in Compton  scattering
experiment by Y. H. Woo [2]. Mot probably due to
lake of proper theory he could not identify these
pesks as anti-Compton pesk. Usng this discovery,
the authors suggested methods to deveop X-Ray
Frequency Multiplier [3], to cdculae excited
volume plasmon energy of polymeric materids [4]
and to edimate lifetime of excited dates in olid
polymers [5] in papers presented in various seminar
and symposa Moreover, the propeties of the
eectrons in solid can be better understood by Xray
usng anti-Compton and Compton spectra which are
very sendtive to band dructure near fermi level ad
may dso hdp in underdanding femiology of high
Tc superconductor.
REFERENCES
1. Madlick Proc. of the 87th Ind. Cong. Part 11,

(Young Scientist Award Abstract) 5354, 2000
2. Compton A. H & Allison S. K, X-rays Theory

and Experiment, Van Nostrand Company, Inc.

New York, 205, 1960
3. Mallick B, SPIE CODE NUMBER 4336 36,

SPIE 6th Annud Irrational Symposium on NDE

for Hedlth Monitoring and Diagnostics,

Cdifornia, USA
4. Mallick B & Pate T, Proc. Il1rd Nationa

Seminar on Recent Advancesin Physics,

Berhampur U niveraty, India
5. Madlick B & Patel T, Proc. CMDAY'S 2000, G.

G Universty, India

JAPAN

CSE Kyushu Institute of Technology
CONDUCTIVE POLYMERS OPERATING IN
AIR - Keiichi Kaneto, Masamitsu Kaneko and Alan
G. MacDairmid (Pennsylvania, Philadelphia)
Kaneto@cse.kyutech.ac.jp

Arificid muscles (soft actuators) are generdting
great interest in view of their potentid for robots,
medica equipment and the posshility of replacing
human organs Polymer gds [1], ion exchange
membranes [2] and conducting polymers [3] so far
have been dudied as dectroactive materids.  In
1993, the authors dtarted their dudy o soft actuators
usng the conducting polymer polyanilines The mogt
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interesting effort was the demongraion of “Shdl”
type actuators [4], which can be operaed in ar
amosphere as shown in Figure 1. This operation
has been didinguished from the usud Soft
ac’truaors operated in eectrolyte solutions.

FIGURE 1: Movement of "Shdl type' actuaor in
ar basad on polyaniline filmsReferences

The polyaniline actuators are operated in strong
acid of pH < 3, which is not convenient for
practicd use It has been found [5, 6] that the
polypyrrole actuators, can be opeaed in quite
wide pH ranges of 4 < pH < 10, indicating thet the
actuators can be used in such environmenta
dectrolyte solutions as sea water, blood and urine
Recently, we found that polypyrrole film prepared
by dectrochemicd depostion expands and
contracts by about 1-3% with a contraction force
of .5 MPa The advantages of conducting polymer
actuators indude large contraction with a strong
contraction force and ease to fabricate.
REFERENCES
[1] Y. Osada, H. Okuzaki and H. Hori, Nature
355 (1992) 242.
[2] K. Oguro, Y. Kawami and H. Takenaka, J.
Macromach. Soc. 5 (1992) 27.
[3] Q. Pa and O. Inganas, Synthetic Metds, 55-
57 (1993) 3718.
[4] K. Kaneto, M. Kaneko, Y. Minand A. G.
MacDiarmid, Snthetic Metals 71 (1995) 2211.
[5] K. Kaneto, Y. Sonoda and W. Takashima, Jon.
J. Appl. Phys. 39 (2000) 5918
[6] Y. Sonoda, W. Takashimaand K. Kaneto,
Synthetic Meta's (2000) in press.

Tokushima University

Control over gel’s spatial conformation by
light - Hiroaki M1 SAWA
misawa@eco.tokushima-u.ac.jp

Polymer gds can be made to grink or swel when
exposed to changes in pH, temperature, chemica
environment, and other factors We  have
demondrated that the radiation force of a focused
laser beam dso can cause polymer gds to shrink or
expand (Figure 2), i.e to undergo volume-phase
trangtion, reversbly [Nature 408, 178 (2000)].
Rod-shgped  gds of  paly(N-isopropyl-acrylamide)
were prepared ingde glass microcapillary tubes. The
gels were soaked in DO rather than HO because it
int ggnificatly heated by the 1064-nm laser light
(absorption coefficient of D20 a 1064 nm is only
0.1 cm?b). Indeed, experiments showed that loca
heeting was not respongble for the gd's collapse,
because jut a 1-C locd temperaure rise was
measured  from  photoluminescence data  a
illumination lasr power of 1.2 W (0.75 W lasx
power was enough to trigger volume-phase
transition). Experiments were carried out a 27°C and
the temperature of gd’'s volume-phase trangtion,
3AC, was never reached by direct locd laser
heeting. Rather, the radigion pressure (a tightly
focused laser illumination waes used) upsets the
badance of oppodng dtractive and repulsve forces
between neghboring coils of polymer nework and
between polyme—solvent (D20) tha usudly hold
the polymer in shgpe This expands an goplicability
of the so-cdled, lasr tweezers for the tasks of
control over volume phase trangtions in  polymer
gds. The volume change occurs on a scade of
seconds (depends on the initid diameter of the gd
rod) by aD20 diffuson out of polymer network and
is compaaively fag due to smdl dimendons. For
example, the waig of a collgpsed date (like in Figure
1b) on a gd rod of 30-mm diameter is totaly formed
within 25 s The fast conformationd changes of gd
allows trandaing the shrunken location dong a gd
rod (Figure 2), even a formation and trandation of
the preprogranmed paiterns could be fessble The
volume-phase trangtions caused by other <imuli
usudly lacks control over the locaion, where it is
induced and it is dow when dimensons of ges ae
on macrocde (larger than 100 mm). The doping of
PNIPAM gd by an ionic materid, such as sodium
acrylate (SA), dlows controlling the temperature of
the volume-phase transtion. The doping by SA
increeses the temperature of the trandtion in
PNIPAM gds. We think, our work may dlow ges
to be used as light-sendtive actuators and sensors,
and perhaps for controlled rdlease of a drug from a
gd by locd conrol over ther volume-phase
trangtion.
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Co-authors:  Saulius  Juodkazis Naoki, Muka,
Ryosuke Wakaki, Akira Yamaguchi, and Shigeki
Matsuo.

FIGURE 2: Microvideo imege of Poly(N-
isopropylacrylamide) (PNIPAM) gdl rod in

D0 before (8) and after (b) illuminetion by

0.75 W power las illumingtion at | =1064
nm waveength.

RUSSIA

Moscow State University
LIGHT-RESPONSIVE CHIRAL -
PHOTOCHROMICLIQUID CRYSTALLINE
COPOLYMERS- V. Shibaev
(Icp@genebee.msu.su), A. Bobrovsky, N. Boiko

In padld to the cregtion and study of EAP
actuators, the photoresponsve  liquid-crystaline
choleteric  polymers  with  light-contrallable
opticad properties ae of condderdble interest due
to ther hedicd supramolecular dructure (Figure
3a) [1-3].

These polymers are the binary acrylic copolymers
conggding of dde nematogenic phenyl benzoate
fragment and  chirakphotochromic  fragment
containing menthyl and azobenzene groups in the
same monomer unit. The latter plays the role of
switchable trigger undergoing the trans-cis
isomerization under the UV-irradiation. The
action of the light leads to the change of the
configuration and shgpe of  photoisomerizing
azobenzene fragments that is accompanied by the
dramétic decresse of hdicd twisting power; helix
is untwised and helix pitch P increases (Figure
3b). If the initid film (before irradiation)
sectively reflects the green light (=560 nm) so

the region of sdective reflection of light shifts to the
red region (~620 nm) after irradiation.

‘@ci ;
@ UAirradiation, 360 rm @
e 4 Aeamorm P }@

a b
FIGURE 3: Scheme of cholesteric hdix @) before the
irradiation and (b) untwiging of the choleeric hdlix
after UV-irradiation of polymer film.

640
620 .E'l.'-ﬁ
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FIGURE 4: Reveashility of the hdix “untwiding —
twiging” process under the UV-irradigion and
hegting of the polymer film.

However, this process is completdy reversble and
reflection of light is again shifted to the green region
dter hedting or irradigtion of the film by the light
with | >450 nm (Figure 4). The polymers changed
revasbley their color chaacterigics and other
opticd propaties endbling new type of light
6



controlled polymeric smat maerids.  Such

materids can be used to cregie light sengtive

devices, sensors, different kinds of  light-sense
receptors and other promising gpplications.

REFERENCES:

1 V. Sibeev, A. Bobrovsky, N. Boiko, K,
Schaumburg, Polymer International, 49, 931,
2000

2 A.Yu. Bobrovsky, N.I. Boiko, V.P. Shibaev,
Advanced Materials, 11, No.12, 1025, 1999

3 V. P. Shibaev, A. Yu. Bobrovsky, N. I. Boiko,
Polymer Science, part C, 42, N12, 2000 (in
press).
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SPAIN

TRIPLE LAYER ARTIFICIAL MUSCLES:
ACTUATOR AND SENSOR -T. F. Otero
gppfeott@sg.ehu.es, M2T. Cortés

Following the methodology [1] deveoped by our
laboratory to produce double layers, a triple layer
device conducting polymer/double-sided  tape/
conducting polymer, was obtained. A ded sheet
(8 cm x 1.5 cm) was (2 cm x 1.5 cm) coated by
dectropolymerization usng sguae waves of
potentidd from acetonitrile  containing  pyrrole,
LiClO4 and a 2% of water. Once rinsed and dried
a double-Sded tape, one side protected, is adhered
to the patidly axidized polypyrroe film coating
one of the ded surfaces  The polypyrrole /
double sded pladic tgpe was stuck to the second
polypyrrole coated fece of the sed. The find
triple layer polypyrroledouble-sded plagtic  tepe/
polypyrrole is removed and is reedy to be used
indde a solution. Expeimentd procedure and
eectricd connections are shown schematicdly in

Fgure 5.
The displacement of the materid was
charecterized under  different  eectricd  or

RE.
N2
»
o= F=F —]— >
Li+ Clo4- > — ooy
—

chemical conditions. Table 1 shows the results that
were obtained under a congtant current of 10 mA and
changing the concentration of the dectrolyte. The
intendgty and direction of the current (the charge)
flowing through the sysem controlled both the rate
and direction of the angular movement. Being
condant the current, consumed charges, movement
rates and times required to cross over 90 degrees are
condant: the movement is under dectricad control
and it is working as an dectro-chemo-pogtioning
device.

aaaaaaaaaa pe

FIGURE 5: Fabrication of a triple layer device and
eectrica connections.

Changes of the chemicd vaiadle originate ghifts of
the eectric potentid between the working eectrode
and the reaction dectrode incressng concentretions
originate decreasing consumed dectricd  energies.
The dtraightforward relationship between consumed
energy and concentration indicates that our actuator
behaves, a the same time like a sensor without any
additiond wire. In Figure 6, this actuator is shown
carrying about 60 times its own weight.

FIGURE 6: Triple
layer bends amass (60
timesitsweight) with
acondant current (15-
mA) a agueous
lution LiCIO4 3M.




TABLE 1: Ifluence of dectrolyte concentration measurement and efforts are made to address these

on the movement of atrilayer in gdvanodatic issues. The video acquistion system is based on the
conditions (10 mA), to cross over 90° from system that was reported in previous issues and the
equilibrium postion. process of daa acquidtion is being automated for
[Liclog M) |o0os| o1 [02s| 05 | 1 | 3 | condsency.
. ACKNOWLEDGMENTS
Time(s) 271 & | 26| % | 5| 5| Ths research is caried out under a DARPA
Consumed 24 | B [ 23| 8 [ 23| 3| contract.
Charge REFERENCES
(mC/mg) S. Sherrit and Y. Bar-Cohen, “Methods of Testing
E&ﬂgﬁd a2 B and Characterization,” Topic 6, Chapter 15, Y.
Energy (kJ/Kg) Bar-Cohen, Electroactive Polymer (EAP)
Movement Rate 1 006 | 0.06 1 006 1 006 | 006 0.06 Actuators as Artificial Muscles- Reality, Potential
(radfs) and Challenges, SPIE Press (Expected in Feb.
01).

REFERENCES
Otero, T.F.; Rodriguez, J.; Angulo, E. And ARTIFICIAL NOSE - Margaret Amy Ryan
Santamaria, C., J. Electroanal. Chem., 341, 369 Margaret.A.Ryan@jpl.nasa.gov
1992
(152 An dectronic nose is an aray of weskly specific
USA chemicd  sensors,  controlled and  andyzed

, dectronicdly, mimicking the ation of the
Jet Propulsion Laboratory (JPL) mammdlian nose by recognizing paterns of response

to vapors. Unlike mogst exiding chemicd sensors,

EAP CHARACTERIZATION - IPMC which ae designed to detect specific chemica
OPERATION UNDER LOAD - Y. Bar-Cohen, compounds, the sensors in an eledtronic nose are not
yosi @jpl.nasa.gov, S.-S. Lih, V. Olazabal, J. spedific to any one compound, but have overlapping
Sansi ﬁena, JPL, K. Bhatt&haya and Yu Xi ao, reSPONSES. Gasss and ges mixtures can be identified
Caltech by the pattern of the responses of the sensors in the

_ . , aray. The Electronic Nose or Artificid Nose is a
Implementing EAP materias as actuators requires concept that has been discussed since the mid-1980s
the avalability of properties database and SCAiNG There gre several such devices, which have been built
laws to adlow the actuator or transducer designers g tested, and with some that are using chemicd
to detemine ther response a the operaiond  gngyrs in an aray [Bartlett and Gardner, 1999]. The
conditions. A metric for the comparison of these  technology is now a the level that there are
materids  properies  with other  dectroadtive  ommergidly avalable dectronic noses, and they
méaterials and devices is needed to sUpport USErS in - e peen applied to environmentd monitoring and

meking these materids as actuators of choice. N gty control in such varied fieds as food processing
an effort to address this need a series of test and industrid environmenta monltorlng

cgpabilities ae being edablished/developed a

JPL. IPMC was identified as posng the greatest . . )
chdlenges and one o the aeas that require maerids and act by severd different mechanisms,

adequate  atention is the determingion of [nduding  conducing  polymers  ad  insulaing
propeties under  eectricdl  excitation. An Polymers Conducting ~ polymers ~ such &5
expaimenta sgtup and inverson dgorithm were polyanilines or palypyrroles can be used & the besis

. : for a conductometric sensor, where change a the
devdoped and currently being dudied to extract . T -
the dagic modulus, é/]e sggretion curvaure at SENSoris read as change in resistance. The &bility of

. . : ducting polymers to detect a wide variety of
unit goplied voltage and the time-congtant. The con -
tip of IPMC grips is loaded with various weights compounds cn be edended by mixing other

and the data is recorded. The detailed condiions Polymers with the conductor [Freund and Lewis
of clamping the sample and the mass are dements 1995]. An dectronic nose that uses polymers as the

e bass of the chemicd sensors is under development
that affect the accuracy and repegtability of the a JL (se Figwe 7) for such applications as evert

8

Chemica sensors are made from severd different



monitoring on the Internationd Space Sation.
The polymer-based sensors used in the JPL ENose
were developed a Cdtech [Lonergan, & 4,
1996]. They are insulaiing polymers, which have
been loaded with a conductive materid such as
cabon  black. A thin film of the
polymer/conductor composte will absorb  vapor
molecules into the matrix and the matrix will
change shgpe, changing the rddive orientation of
the conductive particles. That change results in a
change in resgance, which is used to form the
pattern of response. The magnitude of the
response can be relaed to the concentration of
vapor, and mixtures of a few compounds can be
deconvoluted. The library of compound petterns
that the ENose contains depends on the particular
gpace in which it is used and the hazards of that
space. New compounds can be added to the
library as the device is exposed to them. ENoses
in different spaces can be equipped with different
polymers in the aray and, therefore, a different
library. The polymers for an array are sdected by
molecular dructure of the polymer and the target

compounds for thet array.

FIGURE 7: A photographic view of the JPL's

Enose system (left) and the chemica sensor array

(right)
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M assachusetts I nstitute of Technology
(MIT)

LARGE STRAINMOLECULARACTUATORS
- John D. Maddenjmadden@mit.edu, Hsiao-hua Yu,
Patrick A. Anquetil, Timothy M. Swager and lan W.
Hunter

Actuation in low voltage EAP devices is generdly
dtributed to ion and solvent flux. An dternative
goproach to generating work makes use of molecular
scde conformationd changes dong the polymer
backbone. In this collaboration, we are synthesizing
and characterizing a number of candidae
dectroactive polymers that promise to generate
grains of 20 % or more a stresses in excess of 0.5
MPa. One of the polymers under sudy is shown in
Figure 8. It features molecular hinges separated by
diff thiophene oligomer rods.  Electrochemica and
EPR data from this and related polymers suggest that
oxidetion leads to p-dacking of thiophene oligomers
[2], producing a reversble displacement as depicted
in Fgure 9. We ae proceeding to mechanica
tesing. This work is supported by the Office of
Nava Research.

FExpanded State
(Reduced State)

Contracted State

{Omidized State) Hinge

Rod

Stacked 354
Hpacing

FIGURE 8: Chemicd dructure of a candidate
molecular actuator.



Conformational change

with oxidation

FIGURE 9: Actuator contraction mechaniam.

REFERENCES

1 Kingsborough, Richard P. and Swager,
Timothy M. Polythiophene Hybrids of
Trangtion-Metd BigSdicylidenimine)s
Corrdation Between Structure and Properties.
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NASA LaRC

POLYMERIC SENSOR-ACTUATOR DUAL
FUNCTIONAL MATERIALS-J S,
[.su@larc.nasa.gov and Joycelyn S. Harrison,
j.s.harrison@larc.nasa.gov

Recent deveopment shows that dectrogrictive
graft dasomes  can offer promising
dectromechanicd actuation due to ther lage
dectric fidd-induced drain and good mechanica
modulus. The excdlent processability of the
materids dlows the devdopment of a sensor-
actuator dud functiond polymeric  molecular
hybrid sysdem with piezodectric poly(vinylidene
fluoride)(PVDF)-based copolymers.  The hybrid
sysem contans dectrodrictive and piezodectric
components (Fgure 10 and 11). The system
exhibits in addition to the dectrodricion dso
improved piezodectric response and temperature
dependence of the piezodectric response. The co-
exigance of the piezodectric and dectrodrictive
mechanisms makes the materids good for both
piezodectric sensor function and  dectrodrictive
actuator  function. The promisng dectro-
mechanical  propeties combined with  their
excdlent processhility make the dud functiond
materids a good candidaie fa many agoplicaions,
epecidly micro-el ectro-mechanica systems
(MEMS) and dectroopticd devices The
devdopment of the dectrodrictive-piezodectric

sensor-actuator  dud  functiond materids offers a
new route to develop dedred polymeric smart
materias through molecular engineering.
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SRI International

DIELECTRIC ELASTOMER PRODUCES A
STRAIN OF 380% -Roy Kornbluh
kornbluh@lax.erg.sri.com, Ron Pelrine, Roy
Kornbluh and Qibing Pei

SRI INTERNATIONAL
ELECTROELASTOMER

SRl INTERNATIONAL

Voltage off
SRI INTERNATIONAL

SRI

Voltage on
Figure 12: Opacity varidion of an acrylic-based
didectric dastomer film due to an applied voltage.

10



Researcher Qibing Pa of SRI internationd has
broken SRI's own record for strain response in an
dectric-fidd-activated  polymer.  An  in-plane
dran of 380% was induced in an acrylic-based
didectric dagomer film. Such large drains can
enable new classes of devices. For example, SRI
has shown that large planar strains can be used to
modulaie the amount of light through a film.
Figure 12 shows how the gpplication of a voltage
to an dectroactive polymer film makes the film
more transparent.

University of Arizona (UA)
ELECTRICALLY DRIVEN MINIATURE
HYDROGEL ASMUSCLE-LIKE
ACTUATORS - Yuka Yoshioka
yukay@u.arizona.edu and Paul Calvert
calvert@engr.arizona.edu

New synthess methods for ionic hydrogd EAP
materids are needed to provide a rapid response
and higher drength. Minigturization is one
goproach to improve the response speed, since the
time for the volume change is proportiond to the
guae of the gd dze Gds based on vinyl
polymers such as poly(acrylamide-acrylic  acid)
copolymer ad poly(vinyl acoholsodium
acrylae) copolymer have been widdy sudied.  In
past work, we made dectricdly-driven actuators
based on an asymmetric stack of acrylic acid and
acrylamide hydroge. The different response of
the two surfaces resulted in a linear contraction
and expanson, rather than bending, when current
was pased [1]. We want to make sub-millimeter
scae versons of these actuators but it is difficult
to cary out controled free @ radicd
polymerizations on this sndl scde  We ae
meking amine-epoxy based gd actuaors snce
this chemistry scdes down easly and is expected
to give enough drength for practicd use with
highly crosdinked networks. In this dudy, a
sndl drop of cationic polydectrolyte gd was
prepared by  crodinking  of  trifunctiond
polyethereamines  with ethylene glycol diglycidyl
ether. The response of these materids to dectrica
gimuli, pH and metd ions is controlled by the
cosdink dendty and ionic drength of the
medium.  When gds contact a platinum anode,
positive charges on amine groups are generated
and this repulson causes the swelling. Reversng
current neutrdizes amines and the hydrogen
bonding interaction causes a volume collgpse

These gds show large and rapid swelling in response
to an dectricd and chemicd input in sub-millimeter
scde. Now, we are forming these gds by printing
on a metd PC board {Fgure 13}, which could be
used to move a device on, such as a tiny vave or a
mirror to reflect alaser beam.

REFERENCES:
1. Liu, Z., Cdvet, P, Adv. Mater. 2000, 12, 288
2. http://mww.aml.arizona.edu/faculty/cavert/

FIGURE 13: Printed gds on the plainum board,
(dots are 100 microns apart).

DESIRED EAP
APPLICATIONS

The fidd of EAP has enormous potentid to many
aess and, judging from the range of inquiries that
the Editor received so far, it seems that dmost any
agpect of human life can be impacted. While some
idess may dill be scence fiction it is important to
scope the requirements to the leve that current
materials can address. As an emerging fidd, a this
time, the Editor is gill not aware of any commercid
product that is driven by EAP as an actuator. Using
EAP to replace exiging actuators may be a difficult
chdlenge and therefore it is highly dedrable to see a
niche gpplication enabling new cgpabilities This
objective of this section is to hdp accdeding the
progress towards practica applicaions by providing
those who are seeking to use such materid a forum
to express their need directly to the EAP materids
developers. Interchange among those who ae
expressng the need and the deveoper is highly
welcome and feedback as well as success dory
submitted to this Newdetter would be grealy
gopreciated.



NETHERLANDS

Ruijsink Dynamic Engineering
http:/Amww.ruijsink.nl/mm hoofd.htm

ACTUATORS FOR MICRO MODEL
AIRCRAFT - Rick Ruijsink, info@ruijsink.nl

Not only the militay world is looking into the
progpects of microflight, but aso in the hobby/
scientific world there is a growing interest in the
extremes of flight. Currently the smalest
commercid radio-control gear is based on
magnetic actuators. The smdlest actuators now
have a mass of 0.7 grams, ddivering about 0.02 N
with a droke of £ 5 mm when powered with 3
Volts 30 mA. We see a use for EAP actuators
that can deliver more power a lower weght and
from a power source of 5.0 down to 1.8 volts. A
postion control is preferred over a force control.
The control shdl be Dbrdrectiond. The desred
controlgpeed is full deflection in 0.3 seconds or
less while the actuator shdl sudan its deflection
or & least 80% of it under steady state conditions
(severd  minutes). Operationd  temperatures
range from 0°C to 50°C.

BOOKS AND
PUBLICATIONS

Draft

ELECTREOACTIVE FOLYMER(EAF] ATTUATIRE AS

ARTIFICIAL MUSCLES

Reality, Potential and Challenges

7%

Edivoe ¥oseph Bar- Coben, JPL
SPIE Press

EIEETER TU BE FYRLEMEES AT THE EM3 OF FES. 308

Y. Bar-Cohen (Ed.), “ELECTROACTIVE
POLYMER (EAP) ACTUATORSAS
ARTIFICIAL MUSCLES Reality, Potential
and Challenges,” SPIE Press.

This book on EAP is being published by SPIE Press
and it is expected to be avaldble a the end of Feb.
2001. This book is reviewing the date-of-the-art of
the field of Electroactive Polymers (EAP), socdled
Artificd Musdes. In writing this book, efforts were
made to cover the fidd of EAP from dl its key
agects, ie, its full infragtructure, including the
avalable materids, andyticd modes processng
techniques, characterization methods ad
goplications tha ae beng invedtigated. It is
intended to sarve as a reference book, technology
users guide, and tutorid resource, as well as cregte a
vison for the future direction of this fidd. The draft
of the book outlineis available on

http://ndesa.j pl.nasa.gov/nasa-nde/l ommas/eap/ EAP-
book outlinehtm The book is expected to be
published by SPIE Press a the end of February and
to be avalable during the EAPAD 2001 conference.
For information about purchasng the book you can
contact SPIE by cdling (360)-676-3290, or e-mal to
bookorders@spieorg or vist the SPIE dte
http:/Aww.spie.org/bookstore
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A MNew, Unifving Approach to Cell Function
“Cells, Gelsand the Engines of Life: A New,
Unifying Approach to Cell Function” by Gerald H.
Pollack, Dept. of Bioengineering, Univ. of
Washington, Seettle. Published by Ebner and Sons,
early 2001

This provocative book chdlenges the current
wisdom of how cels work. It emphasizes the get
like nature of the cdl, and builds on this fedure to
explore underlying mechaniams of communicaion,
trangport, contraction, divison, and other essatid
cdl functions These mechanisms turn out to be
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condderably dmpler than those  currently
envisoned in textboooks ~Emphess is placed on
mechanisms of biologicd movement, which may
be of interest to those in the EAP fidd. The book
is written by an engineser, in a yle tha is
accesshle to nonexperts. For more information
please vist: www.cdllsandgels.com

UPCOMING EVENTS

March5 | SPIEjoint Smart Materids and

9, 2001 Structures and NDE, Newport Beach,
CA., Pat Wight patw@spie.orgq
Webste:
http://spie.org/web/meetings/programs/
s301/confg/4329.html

Nov. 26- MRS, Boston, MA, Website;

30, 2001 http://www.mrs.org/meetings/fall 2001/
March 17- | Space 2002 and Robotics 2002

21, 2002 Albuquerque, New Mexico. Stewart
Johnson SW.Johnson@aol.com

June 10- ACTUATOR 2002, Hubert

12, 2002 Borgmann, Messe Bremen GMBH,
Germany.

Webste: http://www.actuator.de
June18— | Optatech, Active Materids &
21, 2002 Applications, Photonic  Devices
Europe, Frankfurt, Germany, SPIE,
Terry Montonye, terry @SPIE.org
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Grand Challenge for EAP

Arm wrestling with Human

WorldWide Electroactive Polymers (EAP) Newsletter
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Dr. Y. Bar-Cohen, JPL, M.S. 82-105, 4800 Oak Grove Dr., Pasadena, CA 91109-8099
Phone: (818)-354-2610, Fax: (818)-393-3254 or E -mail: yos @jpl.nasa.gov

13






